ABSTRACT
Introduction 1 2
Lactic acid bacteria (LAB) are noteworthy spoilage bacteria of foods and pose a 3 constant concern for the food industry, while they are also well known as beneficial acids, ethanol and sodium hypochlorite, which are used as typical food acidulants, 1 preservatives, disinfectants, or known as fermentation products of LAB. In addition, we 2 focused our attention on the change in resistance of the cells derived from biofilms and 3 suspended or diluted in foods. Techno Glass Co., Ltd.) containing 1 mL of MRS broth under aerobic conditions for 24 h at 6 35 °C. The broth was then removed, and the bacteria on the glass cover slips were carefully 7 rinsed with 1 mL of 0.85% saline and the remaining materials were defined as biofilms. To 8 prepare a dilute suspension of bacterial cells in biofilms, the biofilms on glass cover slips in 9 1 mL of 0.85% saline were dispersed by pipetting up and down over ten times and the cell 10 suspension was diluted with 0.85% saline. to log CFU per milliliter on the basis of the treatment solutions. The converted detection 4 limit was 2.0 log CFU/ml (100 CFU/ml) or 2.3 log CFU/ml (200 CFU/ml) on the basis of 5 the solutions. In some cases, one or two of three replications had populations below the 6 detection limit; in this case, the value "2.0" (except for the assay in sodium hypochlorite) or 7 "2.3" (for the assay in sodium hypochlorite) was entered in the calculation. The suspensions of the biofilm cells were confirmed to show no large aggregations by 9 microscopy observation, which is similar to the case of planktonic cells (data not shown).
10
The biofilms (10 9 CFU/ml), the suspended cells (10 9 CFU/ml) from the biofilms, and the 11 planktonic bacterial cells (10 9 CFU/ml) that were grown for 24 h, the state of which 12 corresponds to the stationary phase, showed resistance to 8.2% acetic acid in 50 mM 13 sodium acetate (pH 3.0) (Fig 3) . The biofilm cells maintained their resistance to acetic acid 14 even after they were suspended (10 9 CFU/ml) or the cell suspension was diluted (10 8 and 15 10 7 CFU/ml). In contrast, the planktonic bacterial cells showed reduced resistance to acetic 16 acid after the cell suspension was diluted (10 8 and 10 7 CFU/ml). plantarum subsp. plantarum JCM 1149 in organic acids dissolved in ion-exchanged water: 1 2.7-27.0% (v/v) acetic acid (pHs 2.5-1.7) (Fig. 4a ), 4.6-27.0% (w/v) citric acid (pHs 2 2.0-1.4) (Fig. 4b) , 0.9-20.0% (v/v) lactic acid (pHs 2.3-1.5) (Fig. 4c) , and 2.7-18.0% (w/v) 3 malic acid (pHs 2.1-1.5) (Fig. 4d) . The planktonic cells in the logarithmic phase were less 4 resistant to these organic acid solutions than those in the stationary phase. The bacterial 5 cells in biofilms showed higher resistances to all the organic acids tested than the 6 planktonic bacterial cells. 
Discussion
First, to determine the percent survivals of biofilm and planktonic cells, acetic acid In general, aside from the low pH stress, the antibacterial effectiveness of organic acids and planktonic cells is pronounced in the case of acetic acid and lactic acid, whose 12 undissociated molecules are more hydrophobic than the other two organic acids (Fig. 4) .
13
This difference in resistance could be caused by the biofilms gaining resistance against did not improve the resistance of the bacteria to freezing and acid stress. In our study,
11
because the incubation pH of both biofilm and planktonic bacteria was 3.5 at both 12 h and 12 24 h, and there was no difference between biofilm and planktonic bacteria in terms of the 13 production of organic acids such as acetic acid, lactic acid, and citric acid at each time (data 14 not shown), the acids under growing conditions did not have much effect on the changes in 15 resistance.
16
The dilute suspensions of the bacterial cells in biofilms showed resistance to acetic acid LAB biofilms, and preventing LAB-related spoilages in food products. 
